Background: Although Middle East respiratory syndrome coronavirus (MERS-CoV) diagnostic delays remain a major challenge in health systems, the source of delays has not been recognized in the literature. The aim of this study is to quantify patient and health-system delays and to identify their associated factors. Methods: The study of 266 patients was based on public source data from the World Health Organization (WHO) (January 2, 2017-May 16, 2018). The diagnostic delays, patient delays, and health-system delays were calculated and modelled using a Poisson regression analysis. Results: In 266 MERS-CoV patients reported during the study period, the median diagnostic delays, patient delays, and health-system delays were 5 days (interquartile [IQR] range: 3-8 days), 4 days (IQR range: 2-7 days), and 2 days (IQR range: 1-2 days), respectively. Both patient delay (r = 0.894, P = 0.001) and health-system delay (r = 0.163, P = 0.025) were positively correlated with diagnostic delay. Older age was associated with longer health-system delay (adjusted relative ratios (aRR), 1.011; 95% confidence intervals (CI), 1.004-1.017). Diagnostic delay (aRR, 1.137; 95% CI, 1.006-1.285) and health-system delays (aRR, 1.217; 95% CI, 1.003-1.476) were significantly longer in patients who died. Conclusion: Delays in MERS-CoV diagnosis exist and may be attributable to patient delay and healthsystem delay as both were significantly correlated with longer diagnosis delay. Early MERS-CoV diagnosis may require more sensitive risk assessment tools to reduce avoidable delays, specifically those related to patients and health system.
Introduction
Delays in Middle East respiratory syndrome coronavirus (MERSCoV) diagnosis are a serious challenge to health systems worldwide due to the potential transmission clusters in communities and in healthcare facilities [1, 2] . Despite the presence of clinical suspicion in a majority of the MERS-CoV cases [3, 4] , delays in diagnosis and seeking prompt medical care remain common among MERS-CoV patients [5] . A South Korean study reported substantial lag duration between suspected clinical symptom onset and MERS-CoV laboratory confirmation, with a median of 6.5 days on 37 MERS-CoV infection cases [6] . Delayed diagnosis of MERS-CoV infection contributes positively to recovery delay [4] and poor prognosis [7, 8] . In MERS-CoV patients, diagnostic delay may be attributed to the patient and/or to the health system which remain unaddressed in this population. Understanding the various sources of delays in diagnosis and in seeking medical care for MERS-CoV infection may be among the most essential efforts to improve the diagnostic process, as it is necessary to control transmission and optimize medical care.
Although MERS-CoV infection has been highlighted as a priority research area to address diagnosis-related challenges in Saudi Arabia, there have been no research topics addressing patient and health-system delays in terms of MERS-CoV diagnosis. The aim of this study was to quantify delay time intervals of MERS-CoV diagnosis and to determine factors that contributed to A total of 266 MERS-CoV laboratory-confirmed cases were identified during this period. Patient, clinical, and source of the MERS-CoV infection data were retrieved including age, gender, reporting country in which case was identified (Saudi Arabia or non-Saudi Arabia), comorbidities (yes/no), health-care workers (yes/no), exposure to camels (yes/no), camel milk consumption (yes/no), exposure to another MERS-CoV case, and whether the patient had died (yes/no).
Study outcomes
Three outcomes were measured: (1) Diagnostic delay, defined as the time interval (in days) between the onset of MERS-CoV symptoms and the MERS-CoV laboratory confirmed diagnosis, (2) Patient delay in seeking medical care defined as the time interval (in days) between the onset of MERS-CoV symptoms and the first hospitalization, and (3) Health-system delay in the MERS-CoV diagnosis, defined as the time interval (in days) between the first hospitalization and the MERS-CoV laboratory confirmed diagnosis. The author used the date of first hospitalization because the date of each patient's first visit to seek medical care at a healthcare center was not available.
Statistical analysis
The analysis was performed using IBM SPSS 25.0 (IBM Corp., Armonk, NY, USA). Counts and percentages were used to report categorical data ( Table 1 ). The median value and interquartile range (IQR) were used to report quantitative data such as the time intervals (in days) of diagnostic delay, patient delay, and health-system delay ( Table 1) . Bivariate and multivariate Poisson model were used to model diagnostic delay, patient delay, and health-system delay as well as to identify factors associated with shorter or longer delays. The strength of the association was presented as crude relative ratios (RR), adjusted relative ratios (aRR), and the 95% confidence intervals (CI). A value of RR /aRR >1 indicates that the factor is associated with a longer delay; otherwise the factor is associated with a shorter delay. Significance level was set at P ≤ 0.05.
Results
Of 266 MERS-CoV patients analyzed, 71.8% were male, 94% were reported from Saudi Arabia, and 30.5% were directly exposed to camels. The median diagnostic delay was 5 days (interquartile [IQR] range: 3-8 days), median patient delay was 4 days (IQR range: 2-7 days), and median health-system delay was 2 days (IQR range: 1-2 days).
The crude RR for various delays of MERS-CoV diagnosis is reported in Table 2 . Saudi Arabia as a reporting country was a significant predictor of shorter diagnostic delay, patient delay, and health-system delay. Patients who had exposure to MERSCoV cases were associated with shorter diagnostic delay, patient delay, and health-system delay. Health-care workers were associated with shorter diagnostic delay and patient delay.
Patients who had exposure to camels and those who consumed camel milk were associated with longer diagnostic delay and shorter health system delay. Older patients, males, those who had comorbidities, and those who had died were associated with longer health-system delay.
The adjusted relative ratio (aRR) for various delays of MERS-CoV diagnosis is reported in Table 3 . Saudi Arabia as a reporting country was a significant predictor of shorter diagnostic delay (aRR, 0.549; 95% CI, 0.430−0.701), shorter patient delay (aRR, 0.688; 95% CI, 
Table 3
Independent factors associated with delays in MERS-CoV diagnosis, patient,and health system-related delays (N = 266). shorter patient delay (aRR, 0.576; 95% CI, 0.347−0.956), and longer health-system delay (aRR, 5.616; 95% CI, 4.461-7.071). Older patients and those who had died were associated with longer health-system delay (aRR, 1.011; 95% CI, 1.004-1.017), (aRR, 1.217; 95% CI, 1.003-1.476), respectively.
Discussion
Since the MERS-CoV infection first emerged in Saudi Arabia in 2012, there has been no literature reporting patient and healthsystem delays in the MERS-CoV diagnosis process and potential factors that may contribute to these delays. The median duration from the MERS-CoV onset of symptoms until making a diagnosis (diagnosis delay) was 5 days (interquartile [IQR] range: 3-8 days) which is in line with the author's previous report of 4 days (IQR range: 2-7 days) from cases reported between January 5, 2015 and April 3, 2017 [5] . The diagnosis delay in this study also compares similarly to a study in South Korea which reported frequent long delays in MERS-CoV diagnosis with a median duration of 6.5 days [6] .
The study shows that median duration from the onset of MERSCoV symptoms until first hospitalization (patient delay) was 4 days (IQR range: 2-7 days) with a range between 0 and 14 days. According to the study, patient delay significantly correlates with MERS-CoV diagnostic delay (r = 0.894, P = 0.001). The frequent long patient delay in seeking medical care after experiencing MERSCoV symptoms may reflect limited patients' awareness of, and knowledge of MERS-CoV symptoms [9] [10] [11] and the need for health education programs for the public [9, 10] , and healthcare practitioners [10, 11] The median health-system delay was 2 days (IQR range: 1-2 days) with 86% of patients being diagnosed with MERS-CoV within two days after first hospitalization. This study shows that healthsystem delay significantly correlates with the MERS-CoV diagnostic delay (r = 0.163, P = 0.025). The health-system delay in identifying a MERS-CoV case may be attributed to the delay in the virus recognition in medical institutions [6] and to the limited awareness among healthcare-workers [11] , as a survey conducted on 1216 healthcare-workers revealed that only 47.6% of the physicians and 30.4% of the nurses were aware that some infected patients had no symptoms [11] . Also diagnosis of MERS-CoV [3] and medical care for patients with MERS-CoV [12] remain major challenges in healthcare facilities. Further understanding on the causes of patient and health-system delay is needed, as it can be used as a modifiable factor to reduce diagnostic delay and to improve the diagnostic process.
The author identified factors associated with various delays (diagnostic, patient, and health system). Adjusting for other characteristics, longer diagnostic delay and health-system delay were noted among MERS-CoV cases of those who had died. An effective surveillance system and prompt screening are necessary to improve diagnostic strategies and prevent deaths [5] .
As age increases by one year, the health-system delay in diagnosis tends to increase by 1.1%. A large proportion of the MERS-CoV patients are older [5] , which indicates the necessity of prompt investigation to reduce health-system delay in this vulnerable group. Saudi Arabia as a reporting country was a significant predictor of shorter diagnostic, patient, and health-system delays. Unlike the other countries, Saudi Arabia has experienced multiple MERSCoV outbreaks, and the majority (83%) of cases reported were from Saudi Arabia (WHO, 2018). The lessons learned from these outbreaks may help the health system in Saudi Arabia to improve clinical experience in detection, diagnosis, and management of new MERS-CoV cases [13] .
Shorter patient delays and diagnostic delays were found in patients who reported exposure to MERS-CoV cases. This could be due to the immediate contact tracing after confirming a MERSCoV case, which may lead to prompt and proper examination of individuals who were in close contact. Furthermore, exposure to MERS-CoV cases was heightened in standard risk assessment and screening guidelines released and disseminated by the Saudi Ministry of Health [14] and WHO [15] .
Limitations in this study were noted. The author used WHO public source data with limited clinical characteristics. Significant findings in this study must be interpreted carefully, as it indicates correlation rather than causation. Patient and health-system delays were calculated using the date of first hospitalization rather than the date of first consultation in a health facility or a first doctor's visit. Despite these limitations, this is the first study to assess the source of MERS-CoV diagnostic delays (patient and health-system). Early diagnosis of MERS-CoV [3] and its delay [5] continues to be a major challenge, since neither has been sufficiently discussed in previous literature. Furthermore, the study identified several potential interventions related to the decision-making process at patient, doctor, and health-system levels to shorten avoidable delays in the MERS-CoV diagnosis process following symptoms and first doctor visit.
Conclusion
Delays in MERS-CoV diagnosis exist and may be attributable to patient-and health-system delays, as both were correlated with longer diagnosis delay. Further understanding on the causes of patient and health-system delay is needed, as it can be used as a modifiable factor to reduce diagnostic delay and to improve the diagnostic process. Early MERS-CoV diagnosis remains a major challenge and may require more sensitive risk assessment tools to reduce avoidable delays, specifically those related to patients and health system.
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